ABSTRACT
Introduction
In vitro studies are suitable for assessing new perspective compounds. the perspective new compounds, with proved pharmacological activity and predictable hepatic metabolism, ought to be examined for cyto-and hepatotoxicity. isolated hepatocytes are a well-controlled, biological model system with high drug-metabolizing capacities. this in vitro system is included in the battery of recommended tests from the european centre for the Validation of Alternative Methods (ecVAM). the main goal of ecVAM is to promote the acceptance of alternative methods, which are important for reducing, refining and replacing the use of laboratory animals (2) . chemical studies on Astragalus species report the presence of triterpenoid saponinns, which exhibit a wide range of biological properties, including immunostimulant, hepatoprotective, antiviral, cardiotonic and analgesic activities (11, 13) . there are reports about the antioxidant effect of the saponin cycloestragenol-xylosil-glycoside isolated from Astragalus membranaceus extract, in mice (16) .
Astragalus, when used for the treatment of 43 patients with severe heart attack, has been shown to reduce the production of reactive oxygen species (RoS) in red blood cells, to decrease the plasma lipid peroxidation (lPo) and increase the levels of SoD (3). ethyl acetate extract from Astragalus corniculatus has been reported to show antihypnotic activity in mice (7). Zhang et al. (16) found that saponins isolated from Astragalus membranaceus and Astragalus sieversianus, had protective effect against hepatotoxicity induced by carbon tetrachloride, D-galactosamine and Paracetamol in mice. there is a communication about in vitro antioxidant effect of water extract from Astragalus on mitochondria isolated from rat heart (6) .
Based on the information available, the objective of the present study was to investigate the possible protective effect of extract from Astrgalus glycyphylloides on carbon tetrachloride-induced cytotoxicity.
Materials and Methods
Plant material and preparation of the extract Astragalus glycyphylloides herbs were collected in July 2009 in Rila Mountain. The plant was identified by D. Pavlova, PhD, from the Department of Botany, Faculty of Biology, Sofia University, where a voucher specimen has been deposited (S093817).
the air-dried plant material (300 g) was powdered and extracted exhaustively with 50 % etoh in an ultrasonic bath with a working frequency of 35 kHz. The extract was filtrated, concentrated under reduced pressure and lyophilized to a powder.
Further phytochemical investigations of the etoh extract led to the isolation of eight known flavonoids: quercetin, quercetin-3-O-arabinoside (avicularin), quercetin-3-O-galactoside (hyperoside), quercetin-3-O-glucoside (isoquercitrin), kaempferol, isorhamnerin, isorhamnetin-3-Oglucoside, and isorhamnetin3-O-arabinoside. the compounds were identified (9) on the basis of chemical and spectral analysis and comparison with data reported in the literature. Additionally, the flavonoids were further confirmed by cotlc with authentic samples. to our knowledge, our report is (4) were strictly followed throughout the experiment.
PROTECTIVE EFFECTS OF EXTRACT FROM ASTRAGALUS GLYCYPHYLLOIDES ON CARBON TETRACHLORIDE-INDUCED TOXICITY IN ISOLATED RAT HEPATOCYTES

Isolation and incubation of hepatocytes
Rats were anesthetized with sodium pentobarbital (0.2 ml/100 g). In situ liver perfusion and cell isolation were performed as described by Fau et al. (5), with modifications (10). After portal catheterization, the liver was perfused with hePeS buffer (ph = 7.85) + 0.6 mmol/l eDtA (ph = 7.85), followed by hePeS buffer (ph = 7.85) without any addition, and finally HEPES buffer containing collagenase type IV (50 mg/200 ml) and 7 mmol/l cacl 2 (ph = 7.85). the liver was excised, minced into small pieces, and hepatocytes were dispersed in Krebs-Ringer bicarbonate (KRB) buffer (ph = 7.35) + 1 % bovine serum albumin. cells were counted under the microscope and the viability was assessed by trypan blue exclusion (0.05 %) (5) . the initial viability averaged 89 %. cells were diluted with KRB, to make a suspension of about 3×10
6 hepatocytes/mL. Incubations were carried out in flasks, containing 3 ml of the cell suspension (i.e. 9×10 6 hepatocytes) and were performed in a 5 % co 2 + 95 % o 2 atmosphere (5).
Lactate dehydrogenase release lactate dehydrogenase release in isolated rat hepatocytes was measured as described by Bergmeyer et al. (1) .
GSH depletion
At the end of the incubation, isolated rat hepatocytes were recovered by centrifugation at 4 °c, and used to measure intracellular reduced glutathione (GSh), which was assessed by measuring non-protein sulfhydryls after precipitation of proteins with trichloroacetic acid (tcA), followed by measurement of thiols in the supernatant with DtnB. the absorbance was measured at 412 nm (5).
MDA assay hepatocyte suspension (1 ml) was taken and added to 0.67 ml of 20 % (w/v) tcA. After centrifugation, 1 ml of the supernatant was added to 0.33 ml of 0.67 % (w/v) 2-thiobarbituric acid (tBA) and heated at 100 °c for 30 min. the absorbance was measured at 535 nm, and the amount of tBA-reactants was calculated using a molar extinction coefficient of MDA 1.
Statistical analysis
Statistical analysis was performed using the statistical software 'MeDcAlc'. Results are expressed as mean ± SeM for 6 experiments. The significance of the data was assessed using the nonparametric Mann-Whitney test. Values of P ≤ 0.05, P ≤ 0.01 and P ≤ 0.001 were considered statistically significant. three parallel samples were used.
Results and Discussion
in experimental toxicology, in vitro systems play an important role for the investigation of xenobiotic biotransformation and reveal the possible mechanisms of toxic stress and the protection against it. there are different in vitro systems for investigating the metabolism on sub-cellular and cellular level. these systems help for the reduction, replacement and refinement of the experimental laboratory animals. in isolated rat hepatocytes, the extract from Astrgalus glycyphylloides, administered alone revealed cytotoxicity comparable to that of silymarin. the observed toxic effects included statistically significant decreased cell viability and GSh level, increased lDh leakage and MDA level, compared to the control (Table 1) . the extract was less toxic based on cell viability, lDh leakage and MDA level compared to silymarin. Based on the GSh level, however, it had more toxic effect, which might be due to the formation of possible toxic metabolites. the effects were concentration dependent, most prominent at the highest concentrations: 100 µg/ml and 70 µg/ml. isolated liver cells are used as a suitable model for evaluation of the cytoprotective effect of some perspective TABLE 1 effect of extract from Astragalus glycyphylloides (AG) (10 µg/ml, 100 µg/ml) and silymarin (S) (7 µg/ml, 70 µg/ml) administered alone, on cell viability, lDh leakage, GSh and MDA level in isolated rat hepatocytes
Group
Cell vibility (%) LDH activity (µmol/ min/mil. cells)
GSH level (nmol/mil. cells)
MDA level (nmol/ mil. cells) control 81 ± 3.4 0.117 ± 0.04 17 ± 2.2 0.077 ± 0.04 10 µg/ml AG 64 ± 4.6 *** 0.138 ± 0.02 * 9 ± 1.6 ** 0.101 ± 0.02 * 100 µg/ml AG 49 ± 1.8 *** 0.165 ± 0.02 * 6 ± 3.6 ** 0.119 ± 0.02 * 7 µg/ml S 61 ± 1.2 ** 0.206 ± 0.02 * 15 ± 1.2 0.127 ± 0.02 *** 70 µg/ml S 44 ± 1.7 *** 0.210 ± 0.01 * 10 ± 1.8 ** 0.136 ± 0.03 *** * P < 0.05; ** P < 0.01; *** P < 0.001 vs. control biologically active compounds, both newly synthesized and plant isolated. it is known that ccl 4 is bioactivated by cYP2e1 and possibly CYP3A, to form the trichlormethyl radical (•CCl 3 ), which initiates the chain reaction of lipid peroxidation (14) .
the incubation of hepatocytes with carbon tetrachloride (86 µmol/L) resulted in statistically significant reduction of cell viability by 70 % and GSh level by 82 %; increased lDh leakage by 264 % and MDA level by 219 %.
Pre-incubation of the hepatocytes with the extract from Astrgalus glycyphylloides significantly protected them against carbon tetrachloride toxicity. this extract, during ccl 4 -induced hepatotoxicity, preserved the cell viability and GSh level, significantly decreased the LDH leakage in the medium and the MDA level, compared to those measured in the samples incubated with the toxic agent only. the protective effects were similar to those of silymarin (Fig. 1) .
these data are in agreement with other reports about the protective effect of saponins isolated from Astragalus membranaceus and Astragalus sieversianus against hepatotoxicity induced by ccl 4 , D-galactosamine and Paracetamol, in mice (15) . there are data that in human liver microsomes, some flavonoids exert inhibitory effects on cYP3A activity (12) .
Lahouel et al. (8) , found that the flavonoids diosmine and quercetine protected against vinblastine, cyclophosphamide and Paracetamol toxicity by inhibition of lipid peroxidation and increasing liver glutathione concentration. the authors suggested that the increased glutathione concentration was a result of activation of the turnover of glutathione and enzymes, stimulating particularly glutathione-S-transferases, permitting the captation of the reactive metabolites of the studied drugs (7) .
Based on the available information and according to our results, we can suggest that the observed cytoprotective effect of the extract from Astrgalus glycyphylloides might be due to influence on the carbon tetrachloride metabolism, on the lipid peroxidation process and liver glutathione concentration in rat hepatocytes.
Conclusions
in isolated rat hepatocytes, in combination with carbon tetrachloride, the extract from Astrgalus glycyphylloides was shown to be an effective cytoprotector and antioxidant. the effects were close to those of the flavonoid silymarin -a classical hepatoprotector and antioxidant.
